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directly through the vascular graft located within the treatment chamber, 
subjecting the vascular graft to radial and shear stresses. In addition, the 
alternating pressure source expands and contracts the treatment chamber, 
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APPARATUS AND METHOD FOR STERILIZING, SEEDING, 
CULTURING, STORING, SfflPPING AND TESTING TISSUE, SYNTHETIC, 

OR NATIVE VASCULAR GRAFTS 

5 

This application claims priority to the provisional patent application entitled 
"Apparatus and Method for Sterilizing, Seeding, Culturing, Storing, Shipping and Testing 
3-0 Tissue, Synthetic, or Native Vascular Grafts", serial no. 60/118,656, filed January 14, 
1999. 

This invention was made with United States Government support under 
Copperative Agreement No. 70NANB7H3060 awarded by NIST. 

The United States Government has certain rights to the invention. 

15 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to the sterilization, seeding, culturing, storing, 
shipping, and testing of vascular grafts and other prosthetic devices. Specifically, the 
20 present invention relates to an apparatus and method for sterilizing vascular grafts and 
then seeding and culturing the grafts with hxmian cells, resulting in grafts that are more 
likely to display the biochemical, physical, and structural properties of native tissues. 

Discussion of the Related Art 

2 5 Vascular and thoracic surgeons use vascular grafts to repair or replace segments of 

arterial and venous blood vessels that are weakened, damaged, or obstructed due to 
trauma or disease, such as aneurysm, atherosclerosis, and diabetes mellitus. 
Historically, vascular grafts have been either homografts, such as the patient's own 
saphenous vein or internal mammary artery, prosthetic grafts made of synthetic materials 

30 such as polyester (e.g., Dacron), expanded polytetraflouroethylene (ePTFE), and other 
composite materials, or firesh or fixed biological tissue grafts. 
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However, synthetic grafts generally have inadequate patency rates for many uses, 
while the harvesting of homografts requires extensive surgery which is time-consuming, 
costly, and traumatic to the patient. Fixed tissue grafts do not allow for infiltration and 
colonization by the host cells, which is essential to remodeling and tissue maintenance. 
5 Consequently, fixed tissue grafts degrade with time and will eventually malftinction. 

Due to the inadequacies of these currently available synthetic and biological grafts, 
and the high cost and limited supply of homografts, tissue engineered grafts are being 
developed which are sterilized, then seeded and cultured, in vitro , with cells. These 
tissue engineered grafts may be superior to other grafts for use in replacement therapy in 
10 that they may display the long term dimensional stability and patency of native arteries 
and vessels with normal physiologic functionality. 

Historically, the seeding and culturing of vascular grafts, and tissue in general, has 
taken place in a static environment such as a Petri or culture dish. However, there are 
disadvantages to seeding and culturing tissue in such an environment. For example, the 
15 lack of circulation of nutrients in these static systems results in a slow and ineffective 
seeding and culturing process. Moreover, cells which are seeded and cultured in a 
dynamic environment are more likely to tolerate the physiological conditions which exist 
in the human body once implanted. Thus, there exists a need for a dynamic environment 
in which to seed and culture tissue engineered vascular grafts and other prosthetic devices. 

20 

SUMMARY OF THE INVENTION 
It is therefore an object of the invention to provide a dynamic environment for 
seeding, culturing, and testing vascular grafts, as well as other types of tissue grafts, of 
any desired length or diameter. 
25 It is a further object of the invention to provide a precise mechanical device with a 

minimum of moving parts to provide such an environment. 

It is yet a further object of the invention to provide a closed system free from 
contamination for sterilizing, seeding, culturing, storing, shipping, and testing tissue 
grafts. 
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In accordance with the present invention, there is provided an apparatus and 
method for sterilizing, seeding, culturing, storing, shipping, and testing vascular grafts 
and other prosthetic devices. In one specific embodiment of the invention, the apparatus 
comprises a fluid reservoir, a pump, at least one graft treatment chamber (treatment 
5 chamber), and an alternating pressure source. The apparatus includes a means for 
attaching at least one vascular graft directly in-line with the fluid reservoir. The pump 
forces fluid through the vascular graft, thereby subjecting it to radial and shear stresses. 
The alternating pressure source expands and contracts the treatment chamber, thus 
applying axial stress to the vascular graft secured within the treatment chamber during 

10 seeding and culturing. Applying shear, radial, and axial stresses to the vascular graft in 
this fashion during seeding and culturing simulates physiological conditions. This is 
believed to produce a prosthesis that is more likely to tolerate the physiological conditions 
found in the human body once implanted. 

In another embodunent of the invention, the apparatus comprises a fluid reservoir, 

15 a pump, a cartilage treatment chamber, and an alternating pressure source. The pump 
forces fluid around and through the cartilage graft, while the alternating pressure source 
expands and contracts the treatment chamber, thereby applying alternating pressure to the 
cartilage graft secured within the treatment chamber during seeding and culturing. 

In this manner, the invention advantageously utilizes a mechanically non-complex 

2 0 apparatus to create a dynamic environment in which to seed and culture tissue engineered 
vascular grafts or other implantable devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the present invention will 
25 become more readily apparent from the following detailed description, which should be 
read in conjunction with the accompanying drawings in which: 

FIG. 1 is a schematic diagram illustrating an apparatus according to the present 
invention for sterilizing, seeding, culturing, storing, shipping, and testing a prosthesis; 
FIG. 2 illustrates a vascular graft treatment chamber containing a vascular graft; 

30 and 
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FIG. 3 illustrates a cartilage treatment chamber containing a cartilage graft. 



DETAILED DESCRIPTION OF THE INVENTION 
5 The following embodiments of the present invention will be described in the 

context of an apparatus and method for sterilizing, seeding, culturing, storing, shipping, 
and testing vascular and cartilage grafts, although those skilled in the art will recognize 
that the disclosed methods and structures are readily adaptable for broader application in 
for example, the fields of bone, tendon, and ligament grafts. Note that whenever the same 
10 reference numeral is repeated with respect to different figures, it refers to the 
corresponding structure in each such figure. 

FIG. 1 discloses a system for sterilizing, seeding, culturing, storing, shipping, and 
testing a prosthesis. According to one preferred embodiment of the invention, this system 
primarily comprises a fluid reservoir 110, a pump 112, a treatment chamber 114, and an 
15 alternating pressure source 116. 

Fluid reservoir 110 is used to store fluid for the system. Illustrative suitable 
reservoirs include a Gibco-BRL IL media bag and any other rigid container capable of 
sterilization. Reservoir 110 may include a bacterial-retentive filter 111 so as to provide a 
direct source of gas to the fluid within the system. Examples of fluid which may be used 

2 0 in the system include, but are not limited to, sterilizing fluid, tanning fluid, fluid 

containing cells, or fluid containing a culture medium. It is to be understood that during 
testing, seeding, and culturing in a preferred embodiment, the fluid may be 
advantageously kept at human body temperature, and may be composed of a fluid which 
approximates the viscosity of human blood. One illustrative example of a solution which 
25 approximates the viscosity of blood is saline with glycerol. 

The fluid contained in reservoir 110 is retrieved through fluid line 118 by pump 
112. Fluid line 118, as well as all other fluid lines in the system, may be made of any 
type of medical grade, durable tubing — such as silicone tubing - which is suitable for 
transporting the fluid in use. Pump 112 may be any fluid pump which can achieve 

3 0 variable flow rates. One such pump is the Masterflex L/S Digital Drive peristaltic pump 
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manufactured by Cole-Palmer, although one skilled in the art could select from a variety 
of commercially available pumps. Pump 112 propels the fluid from reservoir 110 to 
treatment chamber 114 through fluid line 120. A pulse dampener 119 may be used along 
fluid line 120, between pump 112 and treatment chamber 114, to dampen the pulsatility of 
5 the fluid flow from pump 112. Suitable dampener s include the Masterflex airspring 
dampeners available from Cole-Palmer. 

A timed valve 123 may also be utilized, in conjunction with a pressure control 
valve 148, to provide an alternating fluid pressure to treatment chamber 114. 
Specifically, when timed valve 123 is shut, pressure control valve 148 can be configured 

10 to create a desired pressure along fluid line 120. Once timed valve 123 is opened, this 
pressure is released through treatment chamber 1 14. By opening and closing timed valve 
123 in this fashion, a controllable and repeatable pulsatile fluid flow may be provided to 
treatment chamber 114. This pulsatile flow in turn places a varying radial stress on 
vascular graft 126 (shown in FIG. 2) housed within treatment chamber 114, thereby 

15 producing a vascular graft that is more likely to tolerate the physiological conditions 
found in the human body once implanted. It is to be understood, however, that while in 
one embodiment of the invention, this pulsatile flow is created using timed valve 123, 
those of skill in the art will appreciate that there are other well-known means (including 
for example using the peristaltic pump without a flow dampener) for providing a pulsatile 

20 fluid flow to chamber 114. 

A pressure transducer 140 and flow transducer 141 may also be placed m fluid line 
120 between pump 112 and treatment chamber 114 to measure the pressure and flow of 
fluid into treatment chamber 1 14. Suitable pressure tranducers are the Transpac IV flow- 
through pressure gauge sold by Abbott Critical Care Systems, and the Honeywell flow- 

2 5 through pressure gauge sold by Newark Electronics. Signals from these transducers may 

be provided to a supervisory control and data acquisition system 149, which in one 
preferred embodiment, is the LabVIEW control and data acquisition system sold by 
National Instruments. As is discussed herein, system 149 is used to provide appropriate 
electronic signals to create, and then monitor, the physiological conditions in the system 

3 0 of FIG. 1 that are beneficial to the particular tissue being seeded and cultured. 
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FIG. 2 discloses a cross-sectional view of a treatment chamber 114. As shown in 
FIG.2, treatment chamber 114 comprises a main body 150 (made of, for example, 
cylindrical polycarbonate tubing), a top end cap 152, and a bottom end cap 154. Main 
body 150 is secured to cap 152 through any standard, leak-proof means, such as inner and 
5 outer threads or bonding agents. Main body 150 is secured to bottom cap 154 by a 
bellows 156, which provides a flexible joint in treatment chamber 114 along its vertical 
axis. Bellows 156 comprises any suitable elastomeric material, such as polyurethane or 
silicone, and may be dip molded. Bellows 156 is attached to body 150 and cap 154 by 
any suitable means, such as a band clamp. 

10 Treatment chamber 114 additionally comprises a bottom mandrel 128 and a top 

mandrel 133. During construction of chamber 114, bottom mandrel 128 is inserted into 
treatment chamber 114 through the top of the chamber, and is then secured to bottom cap 
150 through any appropriate means, such as the inner and outer threads shown in FIG. 2. 
The connection between cap 150 and mandrel 128 may be made leak proof through use of 

15 a silicone o-ring 155. As shown in FIG. 2 tubing 120 is inserted through the bore of 
mandrel 128 into treatment chamber 114, where it is securely attached to the vascular 
graft 126 by an adapter port 158. Adapter port 158 is firmly attached to mandrel 128 
using, for example, inner and outer threads. 

While adapter port 158 includes only one port in FIG. 2, a person of ordinary skill 

20 in the art will recognize that adapter ports 158 may be branched so that multiple ends of a 
branched {e.g., y-shaped) vascular graft may be attached to adapter ports 158 in the 
manner described herein. Therefore, particular embodiments of the instant invention 
enable one skilled in the art to seed, culture, or treat single branch or multibranched 
vascular grafts. 

25 Adapter port 158 is secured to vascular graft 126 by any conventional means, such 

as sutures, c-clips, surgical staples, medical grade bonding agents, tie wraps, or 
elastomeric bands. Alternatively, vascular graft 126 can be placed within a larger 
diameter port 158 and secured by compressing vascular graft 126 against port 158. 
Adapter port 158 may be comprised of a slightly porous material to allow for tissue 

30 ingrowth at the attachment sites. 
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Top cap 152, top mandrel 133, top port 158, and fluid line 122 are all attached in 
the same fashion as has been described in conjunction with the lower half of treatment 
chamber 114, once lower mandrel 128 is secured to treatment chamber 114. 

In order to view vascular grafts within treatment chamber 14, a viewing port may 
5 be placed at any point on the chamber, or alternatively, the chamber may be made of an 
optically clear material such as polycarbonate or PVC. It is to be additionally understood 
that, while use polycarbonate material has been previously discussed, the components of 
treatment chamber 1 14 may be composed of any biocompatible, rigid material capable of 
being sterilized such as Teflon, PVC, or stainless steel. Moreover, it can also be made of 

10 a flexible material that will nevertheless assist in the control of fluid volume surrounding 
the vascular grafts during culture or cryopreservation. 

Once treatment chamber 1 14 has been assembled, fluid may be passed through 
treatment chamber 114 beginning at bottom mandrel 128. More specifically, fluid enters 
mandrel 128 from fluid line 120 and then passes through vascular graft 126 to upper 

15 mandrel 133. By flowing fluid through the bore of vascular graft 126 in this fashion, 
shear stress is placed on the internal walls of the graft. In addition, if tuned valve 123 
and pressure control valve 148 are advantageously operated as described above (to create 
a pulsatile fluid flow), a varying radial stress is additionally placed on vascular graft 126. 
Applying shear and/or radial stresses to vascular graft 126 during seeding and culturing 

20 simulates physiological conditions found in the human body. 

Once fluid flows through graft 126, it enters mandrel 133 and then exits through 
fluid Ime 125. As shown in FIG. 1, fluid Ime 125 connects mandrel 133 to inlet port 131, 
which allows the fluid to re-enter treatment chamber 114, and perfixse across the exterior 
surface of vascular graft 126. Once fluid has perfused across graft 126, it re-exits 

25 treatment chamber 114 through outlet port 130. Outlet port 130 is secured to fluid line 
122. 

In another embodiment of the invention, valve 129 is closed, for example, during 
seeding of graft 126. By closing valve 129, fluid is forced to enter vascular graft 126, 
perfuse through graft 126 due to back pressure, and then exit chamber 114 through port 
3 0 130. Utilizing valve 129 in this fashion ensures that graft 126 is appropriately seeded 
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during the initial stages of treatment by forcing cells through graft 126. Once the 
appropriate level of seeding has been reached, valve 129 can be opened so that fluid flow 
proceeds in accordance with the above description. 

Fluid passing through, and across, vascular graft 126 may cause the vascular graft 
5 to undulate. A support member, such as a skeletally-configured rod, may be attached by 
any conventional means to the adapter ports 158 to suppress such undulations. The 
vertical orientation of the grafts shown in FIG. 2 is not necessary if the graft is supported 
by such an internal support structure which does not unduly obstruct flow across the 
interior surfaces of the grafts which create shear stresses. Such support structures could 
10 additionally include a splint structure or rigid tubular screens with large, unobstructing 
openings. 

As fluid is passing through treatment chamber 114, alternating pressure source 116 
is used to repetitively elongate, and then contract, chamber 114 along its vertical axis. As 
previously mentioned, elongation of chamber 114 is enabled through use of bellows 156. 

15 In accordance with one embodiment of the invention, pressure source 116 comprises a 
pneumatic cylinder 170, a four-way solenoid valve 172, a flow control valve 174, a 
bottom position sensor 176, and a top position sensor 178. To create the alternativing 
vertical movement of chamber 114, air is provided to pressure source 116 from air supply 
180. The air pressure is controlled by flow control valve 174, which is connected to four- 

2 0 way solenoid valve 172. Solenoid valve 172 is actuated by control system 149 in a 
fashion which creates a desired strain profile on the tissue to be seeded and cultured. 
More specifically, by actuating valve 172 using control system 149, the piston in 
pneumatic cylinder 170 is alternately driven between its top and bottom positions. 
Control system 149 receives electrical indications that these positions have been reached, 

25 respectively, by top position sensor 178 and bottom position sensor 176. By alternately 
elongating and then contracting chamber 114, a varying axial stress is advantageously 
placed on graft 126. This axial stress is advantageous as it simulates in-vivo conditions, 
resulting in three dimensional tissue that is more likely to display the biochemical, 
physical, and structural properties of native tissue. 
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One skilled in the art will understand that alternating pressure source 116 may be 
attached to either the top of bottom of treatment chamber 114 (which are separated by 
bellows 156) by any suitable means. One skilled in the art will also understand that the 
half of the treatment chamber which is not connected to alternating pressure source 116 
5 should be secured in place so as to remain in a fixed position during treatment. 

Additionally, one skilled in the art will appreciate that the relationships between shear, 
radial and axial stresses imparted on a graft (including the frequency, magnitude and/or 
duration of each type of stress) may be varied as desired to optimize seeding and culturing 
conditions and/or to simulate physiological conditions in vivo, 
10 While one specific embodiment of pressure source 116 has been described, any 

means for applying alternating pressure to chamber 1 14 along its vertical axis may be 
utilized. Such means would include, for example, a rotary motor driving an appropriate 
cam configuration. 

As mentioned, treatment chamber 114 houses vascular graft scaffolding 126. As 
15 discussed in detail in both of the patents incorporated by reference below, graft 126 may 
illustratively consist of any knitted, braided, woven, felted, or synthesized materials that 
are bioresorbable and/or biocompatible, as well as any native graft scaffolding material. 
Treatment Chamber 1 14 may be made any length or diameter so as to hold a vascular 
graft scaffolding 126 of any length or diameter. This is advantageous, as the system may 
20 be used to sterilize, seed, culture, store, ship, and test vascular grafts of any size, such as 
coronary, carotid, iliac, and peripheral leg grafts. 

However, while the system of FIG. 1 has been described in the context of a 
vascular graft scaffold 126, one skilled in the art will appreciate that the advantages of the 
present invention have much broader applicability. Thus, for example, as shown in FIG. 
25 3^ a treatment chamber 214, similar to treatment 114, may be devised to seed, culture and 
treat a cartilage graft 226 in conjunction with the system of FIG. 1. Chamber 214 is 
identical in many respects to chamber 114. However, chamber 214 includes only a single 
inlet 230 and a single outlet 231. Upper mandrel 200 and lower mandrel 202 are solid 
structures, and include no bore. 
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In accordance with this alternative embodiment of the present invention, fluid 
flows into inlet port 230 and then flows around the exterior of a nonporous plate 204, 
which is attached to upper adapter port 158. Fluid then perfuses through and across graft 
226, through porous plate 206, and finally, through outlet port 231. While fluid is 
5 perfusing through and across graft 226 in this fashion, alternating pressure source 116 is 
used to alternatively expand and contract chamber 214. This expansion and contraction 
causes the volume between plates 204 and 206 to alternately compress and expand, thus 
placing a varying pressure on substrate 226. 

In an alternative embodiment of the system of FIG. 3, plate 204 is a porous plate 

10 shnilar to porous plate 206. Thus, fluid entering chamber 214 through port 230 passes 
through plate 204. Graft 226 may attach to plate 204 or 206 as shown, or graft 226 may 
be mounted in a support structure (not shown) between plates 204 and 206. In a preferred 
method of use, fluid enters and exits chamber 214 through both ports 230 and 231. After 
cartilage graft substrate 226 is seeded and tissue matrix begins to grow, alternating 

15 pressure source 116 is used to alternatively expand and contract chamber 214 as described 
above. Expansion and contraction of chamber 214 causes the volume between plates 204 
and 206 to alternately compress and expand, thus placing a varying pressure (contact 
pressure and/or fluid pressure) on substrate 226. For example, after cells are seeded 
under static flow conditions, the substrate 226 may be alternatingly relaxed and 

2 0 compressed between 0% strain and 75% during the early stages of growth, and between 

25% and 75% during the later stages. One skilled in the art will appreciate that 
magnitude, frequency and duration of compression and relaxation of substrate 226 may be 
selected and varied to optimize culture conditions and/or to simulate in vivo conditions. 
In yet another exemplary embodiment of the invention, the system of FIG. 1 
25 contains a plurality of chambers 114 for treating a plurality of vascular grafts 126. 

Specifically, fluid line 120 may be split to connect to as many additional chamber inlets 
121 as is desired, and fluid line 122 may be split to connect to as many additional 
chamber outlets 144 as is desired. While multiple pressure sources 116 may be utilized, 
one skilled in the art will appreciate that a single pressure source may be connected in 

3 0 parallel with multiple treatment chambers 114. Similarly, each treatment chamber 114 
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may be connected to a separate reservoir 110 and pump 112 so that multiple treatment 
chambers in a system would only share a single alternating pressure source 116. It is to 
be understood that pump 112 with muUiple pump lines may also be used so that each 
treatment chamber 114 in the system would use the same alternating pressure source and 
5 same pump 112 (each using a different pump line), but would be connected to a different 
fluid reservoir 110. In this manner, a plurality of vascular grafts may be simultaneously 
seeded, cultured, or tested in accordance with the present invention. 

The system disclosed in FIG. 1 may additionally include a pressure transducer 142 
and flow transducer 143 at the outlet of treatment chamber 114. These transducers can 

10 provide additional data to control and data acquisition system 149, so that said system can 
ensure desirable strain profiles on the tissue to be cultured. In addition, a flow control 
valve 146 can be placed along fluid line 122, so that an ambient pressure within treatment 
chamber 114 that is greater than atmospheric pressure can be maintained if desired. 
Likewise, a pH indicator 161 and an oxygen content indicator 160 may be fluidly 

15 connected to reservoir 110, so as to periodically measure the pH level and oxygen content 
of the fluid in the system. 

The inlet ports and outlet ports of treatment chamber 114 may be sealed in a 
known manner (e.g., luer locks or threaded plugs) so as to create a sealed treatment 
chamber free from contamination. The sealed chambers may be used to sterilize, store, 

2 0 and ship vascular grafts or other protheses. In particular, prior to placing a sealed 

chamber into the system of FIG. 1, vascular graft scaffolding 126 which is secured within 
sealed chamber 114 may be sterilized by some chemical means such as ethylene oxide or 
peracetic acid, radiation means such as an electron beam or gamma rays, or by steam 
sterilization. Sealed treatment chamber 114 containing the sterilized vascular graft 
25 scaffolding, or the sterilized vascular graft may then be placed back into the system FIG. 
1 for seeding and culturing and unsealed without contaminating the system or the vascular 
graft. 

Seeding and culturing of the vascular graft in treatment chamber 114 is generally 
accomplished by known techniques, with the added benefits and advantages gained from 

3 0 the radial, shear, and axial stresses placed upon the vascular graft during growth. 
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Examples of suitable seeding and culturing methods for the growth of three-dimensional 
cell cultures are disclosed in U.S. Patent No. 5,266,480 and in U.S. patent application 
serial no. 08/487,749, which was filed June 7, 1995 and is entitled "In Vitro Preparation 
of Tubular Tissue Structures by Stromal Cell Culture on a Three Dimensional 
5 Framework", both of which are incorporated herein by reference. The techniques 
described in U.S. Patent No. 5,266,480 and in U.S. patent application serial no. 
08/487,749 for establishing a three-dunensional matrix, inoculating the matrix with the 
desired cells, and maintaining the culture may also be readily adapted by a person of 
ordinary skill in the art for use with the present invention. 

10 Once the vascular graft has reached the desired level of cell density, a preservative 

may then be pumped into treatment chamber 114. Once the treatment chamber is filled 
with the preservative, the inlet ports and outlet ports of the chamber may be closed, again 
creating a sealed chamber which may then be used to store and/or ship the cultured and 
preserved vascular graft. Preferably, the preservative is a cryo-preservative so that the 

15 graft may be frozen in chamber 114. In this manner, sealed treatment chamber 114 may 
be used to sterilize, culture, store, and ship vascular grafts or other protheses. 

Various embodiments of the invention have been described. The descriptions are 
intended to be illustrative, not limitative. Thus, it will be apparent to those skilled in the 
art that modifications may be made to the invention as described without departing from 

20 the scope of the claims set out below. 
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We claim: 

1. An apparatus, comprising: 

a vascular graft designed to facilitate three-dimensional tissue growth on 
5 said graft, said graft comprising a biocompatible, non-living three-dimensional framework 
having interstitial spaces bridgeable by cells; 

a chamber having a first port and a second port for flow of fluid 

therethrough; 

means for connecting said vascular graft within said chamber; 
10 means for imparting radial and shear stresses to said vascular graft; and 

means for applying axial stresses to said vascular graft. 

2. The apparatus of claim 1, wherein said first port and said second port are 
fluidly connected within said chamber by the bore of said vascular graft, and wherein said 

15 imparting means comprises a means for forcing fluid from said first port to said second 
port through said vascular graft such that fluid comes into contact with said vascular graft. 

3. The apparatus of claim 2, wherein said imparting means further comprises 
a means for creating an alternating pressure within said vascular graft. 

20 

4. The apparatus of claim 3, wherein said chamber ftirther comprises a third 
port and a fourth port for flow of fluid therethrough, and wherein said third and fourth 
ports are fluidly connected by said chamber such that fluid from said third port to said 
forth port comes in contact with the exterior surfaces of said vascular graft. 

25 

5. The apparatus of claim 3, wherein said means for creating pressure 
comprises a means for alternating the pressure of the fluid flow into said vascular graft. 

6. The apparatus of claim 5, wherein said means for alternating the pressure 
30 of the fluid flow comprises a timed valve. 
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7. The apparatus of claim 1, wherein said applying means comprises a means 
for elongating said chamber. 

8. The apparatus of claim 7, wherein said chamber includes an expandable 
5 bellows, and said elongating means comprises a pneumatic piston. 

9. The apparatus of claim 8, further comprising a pump for providing an 
alternating flow of fluid to said chamber through said first port. 

10 10. An apparatus for seeding and culturing vascular grafts, comprising: 

a chamber defined by top and bottom walls and at least one side wall; 
a first and a second fluid inlet to said chamber and a first and a second fluid 
outlet from said chamber; 

a vascular graft designed to facilitate three-dimensional tissue growth on 
15 said graft, said graft comprising a biocompatible, non-living three-dimensional framework 
having interstitial spaces bridgeable by cells; 

a first fitting mounted within the chamber, in fluid communication with the 
first fluid inlet, said fitting being configured and dimensioned to receive and hold open a 
first end of said vascular graft to permit flow of fluid through said graft; 
20 a second fitting mounted within the chamber, in fluid communication with 

the first fluid outlet, said fitting being configured and dimensioned to receive and hold 
open a second end of said vascular graft to permit flow of fluid from said graft; 

a fluid supply system communicating with the first fluid inlet to provide 
pulsatile fluid flow through said first fitting and communicating with said second fluid 
2 5 inlet to provide fluid flow across the exterior of said vascular graft housed within said 
chamber and through said second fluid outlet, said second fluid inlet and said second fluid 
outlet in fluid communication through said chamber; and 

a means for expanding said chamber to apply axial stresses to said vascular 

graft. 

30 
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11. The apparatus according to claim 10, wherein said at least one fitting is 
mounted on the top wall of the chamber such that a vascular graft received thereon hangs 
downward in a generally vertical orientation. 

5 12. The apparatus according to claim 11, wherein said outlets communicate 

with the fluid supply system to provide a closed fluid supply system. 



13. A method for seeding and culturing a vascular graft, comprising: 

providing a vascular graft designed to facilitate three-dimensional tissue 
10 growth on said graft, said graft comprising a biocompatible, non-living three-dimensional 
framework having interstitial spaces bridgeable by cells; 

exposing said vascular graft to a fluid media; 

imparting radial and shear stresses to said vascular graft during at least one 
of said seeding or culturing to simulate physiological conditions; and 
15 applying axial stresses to said vascular graft during said at least one of said 

seeding or culturing to simulate physiological conditions. 



14. The method of claim 13, wherein: 

said exposing step comprises, directing a fluid flow through said vascular 
20 graft; and 

said imparting step comprises, forcing said fluid media through said 
vascular graft with a pulsatile flow such that radial and shear stresses are imparted to said 
vascular graft. 



25 15, An apparatus, comprising: 

a cartilage graft designed to facilitate three-dimensional growth on said 
graft, said graft comprising a biocompatible, non-living three-dimensional framework 
having interstitial spaces bridgeable by cells; 

a chamber having a first port and a second port for flow of fluid 

30 therethrough; 
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means for connecting said cartilage graft within said chamber; 
means for imparting shear stresses to said cartilage graft; and 
means for applying compressive forces to said cartilage graft. 

5 16. The apparatus of claim 15, wherein said chamber has a variable length and 

said applying means comprises a means for changing the length of said chamber. 

17. The apparatus of claim 16, wherein said applying means further comprises 
a first opposing plate and a second opposing plate within the chamber, said cartilage graft 

10 being disposed between the plates such that decreases in the length of the chamber 
decrease a distance between the plates and apply compressive forces to said cartilage 
graft. 

18. The apparatus of claim 17, wherein said chamber further includes an 
15 expandable bellows, and said means for changing length comprises a pneumatic piston. 

19. An apparatus, comprising: 

a graft designed to facilitate three-dimensional tissue growth on said graft, 
said graft comprising a biocompatible, non-living three-dimensional framework having 
20 interstitial spaces bridgeable by cells; 

a chamber having a first port and a second port for flow of fluid 

therethrough; 

means for connecting said graft within said chamber; 
means for imparting shear stresses to said graft; and 
25 means for applying axial stresses to said graft. 

20. The apparatus of claun 19, wherein said graft is a vascular graft having a 
lumen, and said apparatus further comprises a means for varying pressure within the 
lumen thereby imparting radial stresses to said graft. 

30 



- 16 - 



wo 00/41648 PCTAJSOO/01003 

21. The apparatus of claim 19 wherein said graft is any of a vascular graft, a 
tendon graft, a ligament graft or a bone graft. 

22. The apparatus of claim 21, wherein said applying means comprises a means 
5 for elongating said chamber. 

23. The apparatus of claim 22, wherein said chamber includes an expandable 
bellows, and said elongating means comprises a pneumatic piston. 

10 
15 
20 
25 
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